Objectives-To estimate the risk of cancer due to occupational exposure to petroleum products in the Swedish transport and refinery industries.
Methods-In a retrospective cohort study the cancer incidence in 4128 men and 191 women, who had worked for at least one year in the petroleum industry, was compared with the incidence in the general population. The job titles and employment times for each person were found in personal files in the industries. The men had on average worked in jobs exposed to petroleum for 11.6 years at the end of the observation period. Some petroleum products such as gasoline and heavy fuel oils contain cancerous substances such as benzene and polycyclic aromatic hydrocarbons (PAHs). These products have a widespread use and there are many people in several occupational groups who are exposed to benzene or PAHs from petroleum products-for example, refinery workers, distribution workers, workers manufacturing lubrication oils, and tank cleaners. The risk for cancer due to exposures in these industries depends on the type of product used and the dose. Persons handling petrol in Sweden are exposed to benzene. The petrol in Sweden contained benzene in concentrations between 4% and 7% by volume since the second world war until the 1960s and has contained 3% to 5% thereafter. This is a higher concentration than in the United States, where it is usually below 1 terminal workers, distribution workers, tank cleaners, workers manufacturing lubrication oils, and workers exposed to aircraft fuels.
Subjects and methods
This is a retrospective cohort study in which the cancer incidence in workers in some occupations exposed to petroleum products is compared with the incidence in the general population. The exposed men were identified from personal files in petroleum industries. To fulfil the criteria for this study the registers should be complete-that is, no personal records should have been eliminated from the registers. Furthermore, the registers should contain information about work tasks and employment times. The original purpose was to have at least 3000 people in the cohort from refineries, distribution companies, lubrication oil manufacturing industries, tank cleaning companies, and companies handling air fuel. In total, people from 26 different companies were included in the study. The year from which the personal registers of these firms could be used varied between 1958 and 1987. The firms were selected according to the criteria already mentioned and a further criterion was that they should have at least 50 employees. During the study we found that all tank cleaning firms had fewer than 50 workers, so these tank cleaning workers were included. Only people with at least one year of employment up to 1991 with a job title indicating exposure to petroleum products were included.
The observation time started when the person had worked for at least one year in an occupation with exposure to petroleum and not before the register of the firm was regarded as being accurate. So if the person started to work in 1966 but the register was accurate only from 1973, the observation period for this person started in 1973. Person-years were calculated until the year of death, the year of emigration, or 1991 whichever came earliest. Furthermore, only person-years between 1958 and 1991 were included. The Swedish cancer register was founded in 1958 and 1991 was the latest year of completeness of that register at the time of the study. However, all periods within these occupational groups were considered in the calculation of employment time.
Incident cases of cancer were found through linkage of the personal numbers with the Swedish cancer register. The causes of death were found through linkage with the Swedish death register. Through linkage with the register of the current Swedish population and a search in the emigration register the present status of each person was categorised as living, dead, emigrated, or lost to follow up. Seven people were lost to follow up and were excluded from the analysis. Fifty people had emigrated.
The expected cancer morbidity and mortality were calculated from cancer incidence or mortality rates for the general population stratified for sex, age, and calendar year according to the person-year method.9 In the analysis only person-years between 20 The highest exposure was seen during top loading at terminals.
Personal sampling in tanks with low boiling point petroleum products during cleaning showed benzene concentrations between 3 and 78 mg/m' in the mid-1980s. " However, most of the tank cleaners used protective equipment. The work times in the tanks varied between five minutes and 1.5 hours.
Some jobs with high exposure were selected for a separate analysis of cancer, tanker drivers, operators at terminals, production workers in the manufacturing of lubricants, operators at refineries, workers distributing products at refineries, tank cleaners, and workers repairing air craft engines or filling aeroplanes. Operators at refineries were defined as workers involved in supervising the refining process, trouble shooting, and maintenance work. They had job titles of operators or repairmen. Workers at refineries involved with loading and distribution were classified separately. Some workers could not be classified in any of those groups, such as transport workers within the industries, salaried workers who spend part of their time in the shops, laboratory personal, etc.
In the analysis the duration of exposure is determined as the time the workers have had in the jobs with exposure to petroleum products. Operators in the Swedish refineries have had varying tasks in the production process at the refineries. They are the workers that manage the production process. This may include waiting and watching instruments, repairing broken pipes, closing valves, inspecting instruments in the process, and repairing and maintaining the equipment during stops in production. During the years the process has been successively more automated meaning that the operators spend more of their time in control rooms today than in earlier days. There are no measurements of their exposure to petroleum products in the 1950s, 1960s, or early 1970s but it is probable that they are less exposed to chemicals from the refining process today. Measurements in the late 1970s and the beginning of the 1980s showed that refinery operators had some exposure to benzene, around 0.5 mg/m'. They were also exposed to other substances in petroleum products that occur in crude mineral oil and additives-for example, alkyl lead-which was added to petrol in the refineries.
A possible cause of the increased risk of leukaemia in the refinery operators is their exposure to benzene. The leukaemogenic effect of benzene is well known.'6 An increased risk of leukaemia was one of the hypotheses of withdrawn from the files this would cause a decreased risk. Therefore, only companies with personal registers without withdrawals were included.
As the loss to follow up was low (n=7), risk estimates will not have been substantially influenced. Emigration would also be unlikely to cause any bias of cancer incidence as a diagnosed case of cancer that emigrates still will occur in the cancer register.
The causes of death and the cancer sites were found by linking the death register to the cancer register making a diagnostic bias improbable. Most cases of cancer are diagnosed by microscopical examinations and the physician making that examination was rarely aware of the patients' exposure to chemicals. Many of the petroleum workers lived in densely populated areas and if there is a difference in diagnostic procedures and accuracy between different areas this may cause a bias. We think it is improbable that such diagnosic differences would explain the findings in refinery operators. Most cases of leukaemia in Sweden are diagnosed and treated by specialists in large hospitals.
The incidence in these workers was compared with the corresponding incidence in the general population. Due to healthy worker selection, the mortality should be lower among exposed subjects if they had no increased mortality.26 27 However, this selection bias is much weaker, if present, when cancer incidence is studied than-for example, death from cardiovascular disease. Mortality studies have shown that healthy worker selection is less for mortality from cancer than from other causes. 28 In summary, this study indicates that Swedish refinery workers have an increased risk of leukaemia probably due to their exposure to benzene. The study does not indicate an increased risk of cancer in other Swedish petroleum workers-such as tanker drivers or distribution workers. The number of cases of lung cancer was lower than expected among these groups.
